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ABSTRACT — Thla raport provldas Informa- 
tion on tha currant atatua of NBS work on 
naaauranant tachnology for aaad conductor aa- 
tarlala, procaaa control, and davlcaa. Ra- 
aulta of both In-houaa and contract raaaarch 
ara covarad. Hlghllghtad actlvltlaa In- 
cludai iDdallng of dlffualon procaaaaa, 
analyala of nodal apraadlng raalaeanca data, 
and atudlaa of raaonanca Ionization apac- 
trnscopy, raalatlvlty-dopant danalty rala- 
tlonahlpa In p-typa allloon, daap laval naa- 
auraaanta, photoraalat aanaltoaatry, randoa 
fault naaauraaanta, powar NDSFET thamal 
charactarlatlca, powar tranalator awltching 
charactarlatlca, and groaa laak taatlng. In 
addition, brlaf daacrlptlona of now and aa- 
lactad on-golng projacta ara glvan. Tha ra- 
port la not naant to ba axhauatlvai contacta 
for obtaining furthar Information ara 
llatad. Coiq>llatlona of racant publlcatlona 
and publlcatlona In praaa ara alao In- 
cludod. 

KEY WORDS — Slactronlca; Intogratad cir- 
cuital aaaauromant technology; nlcroalac- 
tronlcai aamlconductor dovicoai sonlconduc- 
tor natarlala; aamlconductor procaaa con- 
trol; allloon. 


Preface 

Thla rwport oovara raaulta of work during tha forty-fifth quartar of tha NBS Samiconductor 
Tachnology Prograa. 'Hila Program aawaa to focua NBS raaaarch on Inprovad ne&suranant 
tachnology for tha uaa of tha samiconductor davlca community In apaclfying materlala, 
aqulpaant, and davlcaa In national and Intamatlona} conmarca, and In nonitorlng and con- 
trolling davlca fabrication and aaaaably. Thla raaaarch laada to carafully avaluatad, 
wall-docuaantad taat procaduraa and aaaoclatad tachnology which, whan appllad by tha Indua- 
try, are azpactad to contribute to hlqfiar ylalda, lower coat, and hlghar reliability of 

aamlconductor davlcaa and to provide a baala for oontrollad laprovaamnta In fabrication 

procaaaaa and device parfomanca. By providing a cornacn baala for tha purchaae apaciflca- 
tiona of govemamnt agenciaa, improved aaaaurament tachiwlogy alao laada to greater economy 
in govammant procuraawnt. Financial aupport of tha Program la provided by a variety of 
Federal aganclaa. Tha aponaor of each technical project la Idantlflad at tha end of each 
antry In accordance with tha following coda; i. Tha Dafanaa Advanced Raaaarch Projacta 
Agency; 2. Tha National Bureau of SMndarda; 3. Tha Dlvlalon of Electric Energy Syatema, 
Oapartmant of Enargv; 4. Tha Dlvlalon of Olatrlbutad Solar Technology, Dapartmant of Ener- 
gy; 5. Tha Dafanaa Nuclear Agency; 6. Tha C. S. Draper Laboratory; 7. The Army Elect ?onlca 
RU) Coaaaand; S. Tha Air Force Avlonlca Laboratory; 9. The Naval Natarlal Command; 10. Tha 
Naval Weapona Support Canter; 11. The Solar Energy Raaaarch Inatltuta; 12. The Naval Avl- 
onlca Center; 13. Tha Lawla Raaaarch Canter, National Aaronautlca and Space Admlnlatratlon; 

and 14. The Office of Naval Raaaarch. 

Thla report la provided to dlaaamlnata raaulta rapidly to tha aamlconductor community. 
It la not amant to be complata; in particular, rafvrancaa to prior work either at NBS or 
alaawhara ara catlttad. The Prograa la a contlnuln; one; tha raaulta and conclualona re- 
ported hare arc subject to modification and raflnaaant. Furthar information may ba ob- 
tained by referring to more formal tachnlcal publications or directly from responsible 
staff maabars, telephone: (301) 921-llstad extension. General information, past Issue: of 

prcgrass briefs, and a Hat of publications may ba obtained from the Electron Davlcaa Divi- 
sion, National Bureau of Standards, Washington, D.C. 20234, talephc.e: (301) 921-370t. 
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Modeling of Diffusion Processes 

Flclc'a Law traata the diffusion ooeffl- 
clant as the factor of proportionality 
between the flux and the spatial gradi- 
ent of a diffusing species. A recently 
reported aodel for laipurlty diffusion In 
sssd. conductors cooputas the flux In a 
different way by taking the spatial gra- 
dient of the product of the diffusion 
coefficient and the density of diffusing 
species. It was suggested that this 
aradlfled fona of Fick's Law Implicitly 
accounts for electric-field effect. The 
significance of the difference between 
the two forms of th< diffusion equation 
was explored by viewing diffusion as a 
Markov process, that la, as a stochastic 
process In which the diffusing species 
is undergoing a random walk %>hereln each 
step Is Independent of all other steps. 

It was conclude:: from this analysis 

that the additional tare In the modified 
fora of Fick's Law, which contains the 
gradient of ‘ihe diffusion coefficient. 
Is a force term which may or may not be 
appropriate In the total flux equation. 
For the Case of singly charged vacancy 
diffusion, and only for this case, there 
lu a mathematical equivalence between 
this term and the force term associated 
with the self electric field. However, 
there Is no physical relationship be- 
tween this additional term and temia re- 
sulting from the effects of self or ao- 
pUed electric fields. It was therefore 
concluded that the conventional fora of 
Vick's Law should be used to express the 
diffusion component of flux to which any 
force-driven components should be added 
explicitly to give the total flux. 
[Sponsor! 2] <J. R. Lowney, x362S) 


Model Spreading Resistance Data 

For uniform or shallow (<5 ym) diffused 
layers, the epreedlng resistance depends 
linearly on th'. lo<|Brltha ox the probe 
spacing with a slope which io propor- 
tional to the sheet resistance of the 
layer and an Intercept which la equal to 
the effective radlxia of the probes. 
Previous study of the relationship be- 
tween the spreading resistance and probe 
spacing showed that for deeper diffu- 
sions the Intercept cannot bo Inter- 
preted In terms of the probe radius but 
that the slope Is approximately propor- 
tional to the sheet resistance. To ex- 
tend the study to Ion-Implanted layers, 
model spreading resistance data were 
generated from Gaussian resistivity pro- 
files corresponding to Implants at sev- 
eral beam energies and fluencea Into 
substrates with resistivity of 100 or 
10^ 0* cm. The Lower ^lue was u( ^ to 
simulate the case of Implantation Into a 
substrate of the same conductivity type, 
while the hl^er was used to simulate 
the Isolation which arises from the 
junction fonsad by Implantation Into 
substrates of opposlts conductivity 
type. 

In each case, data were generated for 
several probe spaclngsi the same effec- 
tive electrical probe radius was used In 
all cases. At various points along the 
profile from the surface to the sub- 
strate, curves of spreading resistance 
as a function of the logarithm of the 
probe spacing were analysed by linear 
regression to ascertain whether the 
slope was proportional to the Incremen- 
tal sheet xesistanoe calculated directly 
from the model rerlstlvlty profile and 
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whether the Intercept wee related to the 
probe radius used In the slaulatlon. 
Tot the 10*-4]«oa substrate siaulatlons, 
good agreeaant was obtained between the 
sheet reslstanoe calculated from the 
slope and that calculated froa the re- 
slstlwity profile. For the 100-n*ea 
substrate slanlatlona# fluenoes of the 
order of 10^^ cb~ 2 were required to 
aohlsve ocaparable agressant. For both 
cases, the agreeasnt between the inter- 
cepts and the probe radius used In the 
slsnilatlons was gansrally not satisfac- 
tory which suggasts that the probe- 
spacing esperlaeut Is not an accurate 
aathod for dsteimlnlng the probe radius. 
Howawer, the results of these siaula- 
tlons and those prerloualy reported for 
deep dlffusloas suggest that probe - 
spacing ei^erlaenta aay be effectlrely 
used to d>*-«ciiina the sheet reslstanoa 
of aaall gs ass try speoiBsne which con- 
tain diffusions or laplants Into sub- 
strates of the opposite oonduotlwlty or, 
i f the substrate reslstlwlty Is high 
enou^. Into substrates of the ssm oon- 
ductlTlty typo. This result is especi- 
ally laportant where speclaen else pre- 
cludes accurate sheet resistance asa- 
sureaent by the four-probe aetho but 
where asasureasnts of this quantity are 
laportant for process control and pro- 
cess at dsUng. [Sponsors 1] 

(J. H. Alb«'^, X3625) ' 

Resonance Ionization Spectroscopy 

k single atoa of sodlua was detected by 
resonance ionisation spectroscopy (MS) 
In a proportional counter filled with 
eodi u a -contasd stated F-10 (90% argon plus 
10% asthane) gas to a pressure of 94 
Torr. The apparatus used for this ex- 
periaent is shown schesutically in the 
acccapanylng figure. k laser of wave- 
length “ 588.995 ssa induces the 

3s-3p trasssltlon (ground state to one of 



Scheastic diagras of mpparatua for reao- 
nasice ioniamtion spectroscopy erperi- 
aeiit. 


the *D” IwTols), and a aeoond laser srith 
wavelength X 2 “ 568.820 ssa induces the 
3p-4d trasisltion leading to a level only 
0.855 eV below the Ionisation potential 
In sodlua. Froa this highly ascclted 
level, either laser X^ (2.104 eV) or 
X 2 (2.179 eV) can induce photolonlsa- 
tlon, releasing an atosalo electron with 
very low klssetlc energy. This photo- 
electron Is accelerated by the electric 
field in the counter, drifting towards 
the asiode to develop a Townsend ava- 
lanche In the gaa. 

The pulsed dye lasern are pusqped by a 
coasdal sasson flash! aap and tussed to the 
appropriate wavelength by a dispersive 
systsa In the laser cavity. The radia- 
tion Is oolUaated to a bean 3 v In di- 
aaater by a reducing telescope provided 
with a spatial filter. The Intersection 
of the two heaas In the oounter gener- 
ates an active voluno of about 100 w 
The pulse energy was typically 0.5 J| 
the asyontric triangular pulse has a 
rise tias of about 100 ns and a base 
width of about 700 ns. The oounter waa 
calibrated for single-electron detection 
with uv light froa a saall aarcury laap 
appropriately oollinated to llluninate a 
snail area of the counter cathode. The 
noraallzed pulse-height distribution was 
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found to fit the expected probability 
dlatributlon for a aarlea of alngle- 
elactron events* Calibration for sev- 
eral primary electrons (up to 350) was 
dona by use of x-ray fluorescence lines 
frost a variety of isatals* The avera^ 
number of primary electrons generated by 
each line, which is proportional to the 
line energy, was a linaar functic.i of 
the peak amplitude of the signal. 

In the single-atom detection experi- 
ment, a controlled amount of sodium va- 
por was injected into the counter from 
the small oven attached to it. The 
sodiun-RIS signal appeared only when 
both lasers wore tuned to the proper 
wavelengths; it disappeared when either 
laser was detuned or blocked. Single- 
atom detection was confimad by decreas- 
ing the amount of injected sodium until 
the RIS signal disappeared; at sodium 
levels just above extinction, the signal 
amplitude distribution was consistent 
with the olngle-elsctron pulse height 
distribution. [Sponsors; 2, 14] 

(S. Niyo, x3625, 
and T. B. Locator '.o,* x2031) 

Pesistivity-Oopant Density Evaluation 

Theoretical expressions were derived at 
the Oniversity of Florida to caag>ute 
hole nobility and resistivity as func- 
tions of dopant density and temperature 
for silicon doped with boron, gallium, 
or indium. The valence band of sllioon 
was represented by a three-band model 
which takas into account the nonpara- 
bolic nature of the bands. This attrib- 
ute of the valence band is Included in 
the effective mass calculations. Con- 
tributions from scattering by acoustical 
and optical plionons, ionised impurities, 
and neutral li^urities were considerad 
in '-dte calculation of average ralaxation 
tima. In addition, the modal also takes 

* VE8 Mdlatlon Physics Division. 



DOPANT DENSITY (cm »> 


Rmmiativity as a function of dopant dmn- 
mity for boron-, gallium-, and indium- 
dopad ail icon at 300 K, Tbaoratical 
curves are shown as linam, axpariamatal 
data obtainad in Che praaant work are 
ahottn as aolid ayabola, and data ob- 
tainad from Che iiCeraCure are ahoan as 
open ayabola, 

into account the attack of hole-hole 
scattering on both lattice and ionised 
impurity scattering relaxation timas and 
the affect of Interband transitions on 
the acoustic phonon scattering relaxa- 
tion tins. Resistivity and dopant den- 
sity aaaatirsmsnta ware mads as a func- 
tion of temperature over the range from 
100* to 400*C on silicon wafers doped 
with boron, gallium, or indium. Agree- 
ment between the eig>eriaantal and theo- 
retical results was within 10% over the 
antics temperature range. The accom- 
panying figure shows the calculated 
resistivity-dopant density curves for a 
temperature of 300 K together with ex- 
perimnntal data from this study and from 
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th« literature. The dlffarencea which 
arlae beceuae of dlffarencea In Ionisa- 
tion energy ere clearly evident. [Spon- 
sori 1] (W. R. Thurber,* x362S) 

Deep Level Measurements 


thus would obscure the proper Identifi- 
cation. Further worh is underway to 
study asparlaantal procedures for deter- 
■Inlng that Intarferanoe of this type 
are present md ways of sjparatlng peaks 
associated with closely spaced levels. 
I Sponsor I 3] (R. Y. KoyasM, x3625) 


In aekliig d:.ep level SMasureaents to 
Identify Ispurltles In a test speclaen. 
one determines the activation energy and 
prefactor associated with carrier emis- 
sion from one or sore centers and re- 
lates these to values which have been 
established from saasureusnts on Inten- 
tionally contasdnated specimens. Calcu- 
lations were smde to determine the deep 
level transient spectroccopy (OLTS) ra- 
aponaa which sdght be obtained from a 
specimen which contains two Impurity 
canters relatively closely spaced in en- 
ergy. The DLTS signals for several 
pairs of levels were calculated for a 
range of sampling times typical of those 
used In eiq>erlment8. From these curves, 
each of which had a single maxlnun (al- 
though sofse appeared broader and some- 
what distorted when coa^>ared with sig- 
nals computed for single Isolated lev- 
els), the apparent activation energies 
'&D and pref actors (B) wore determined 
and compared with the originally assumed 
parameters. The results of two repre- 
sentative cases are shown In the accom- 
panying table. The parameters of the 
compoelte elgnal differ from those of 


either of the two assumed 

leve Is and 

Parameters 

for Model OLTS Calculations 


Case 1 

Case 2 

sEp eV 

0.201P 

0.2036 

Bp 

3.115 > 10^ 

2.48 > 10® 

aEp sV 

0.175 

0.187 

B r-2 

S 

3.115 . 10® 

2.48 > 10® 

aE. eV 

0.212 

0.2018 

B. 

9.71 . 10® 

3.115 > 10® 

Bote - In both 

cases, level 2 It 

assumed to be 


present with h<1f the density of level I. 


Photoresist Sensitometry 

Iig>erlmantal work wae completed which 
verifies the applicability of Van krev- 
old'a additivity law to oaposures of 
poaltlve photoresists and therefore also 
confirms the suitability of the tech- 
niques for determining exposure charac- 
teristics of photoresists which had b.en 
postulated some years ago. The law had 
been previously shown to apply whe 
films of a ooamonly used positive resist 
were successively exposed to filtered 
radiation of 356, 405, and 436 nm. In 
these e)^erlments, exposures %rere made 
both for equal tloMs and for times ad- 
justed to compensate for variations In 
the transmittance ot the narrow-pass 
filters so that the exposures matched 
the relative Irradlance of a mercury arc 
lamp at each of the three wavelengths. 
When these experiments were repeated 
with exposure first to the 436-nm irra- 
diation followed successively by expo- 
sure to the 405- and 365-nm Irradiation, 
the experimental eiqposure V3. aiq>osed 
depth curve also agreed well with calcu- 
lations based on Van Krevelo's Law. 

Another set of experiments was carried 
out In which resist fllme were exposed 
simultaneously to filtered radiation of 
wavelengths of 365, 405, and 436 nm from 
the marcury arc lamp. A specially de- 
signed jig was used for these e)q>eri- 
ment*. Three mirrors wore mounted In 
thi plane bisecting and normal to the 
mercury a-c laag> at axlmuthal angles of 
120* from each other. These ad.rrors. In 

* ms OentACt 
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turn, refl'cted light vartlcally upward 
through respective lenses and narrow 
band filters onto a resist-coated glass 
plate approximately 76 cm above the lamp 
and on the same center line. This cre- 
ated a superposition of impinging light 
of three wavelengths about 4* from the 
normal on the resist-coated plate. The 
actual measured Intensities used for the 
respective eig> 08 ures were within 5% of 
those calculated from Van Kreveld's ad- 
ditivity law and oKonochrosMtic eiqMsure 
data except for the smallest exposures 
where differences of up to 20% were 
found. For these small exposures, the 
experimental errors are greatest. 

NeasureiMnts of the power density 
spectrum of the mercury arc lamp con- 
firmed the hypothesis that unaccounted- 
for background radiation (radiation from 
the continuum existing between the prin- 
cipal mercury arc lines) was responsible 
for the previously reported discrepancy 
between the measured and calculated ex- 
posure data when the resist wss exposed 
by unfiltered radiation from the lamp. 
It was found that (1) the principal 
lines at 365, 405, and 436 nm were only 
3 to 4 nm wide (FWHM), one-third or less 
than the published spectral width, and 
(2) th. energy radiated at wavelengths 
between the principal lines was 35% of 
the energy contained in these lines. 
[Sponsor: 1] (0. B. Novotny, x3621) 

Random Fault Measurements - I 

Test results from a rendosi access fault 
st.-ucture can be used to detect, identi- 
fy, and analyze a variety of fault mach- 
anisms introduced during the fabrication 
of Integrated circuits. The structure 
allows one to determine the relative 
density of different faults which limit 
process yield without previous knowledge 
of what fault types might be expected. 


In some cases, it detects faults which 
cannot be detected by single-f ault-t.ype 
random fault tost structures. K proto- 
type structure which consists of a 10 by 
10 array of electrically isolated n- or 
p-channel MOSFETa has been implemented 
on test pattern nbs- 16. This test pat- 
tern is being used to develop methods to 
assess the electrical performance and 
yield potential of radiation-hardened, 
silicon-gate CNOS/SOS LSI circuits. The 
structures are repeated at intervals 
across a wafer so that the threshold 
voltage (V>p) at a drain current of 1 
UA trith gate tiC'* to drain, source-drain 
breakdown voltage (Vg) at a drain cur- 
rent of 10 y A with gate tied to source, 
and source-to-drain leakage current 
(1^) at a drain voltage of 10 V with 
gate tied to source can be measured on a 
statistically significant number of in- 
dividual MOSPE?’s. These results are 
then con^ared with failure criteria 
which define the pareuaetric limits re- 
quired for satisfactory circuit opera- 
tion. In addition, open and short cir- 
cuits in the structure can be detected. 

Typical results from a wafer represen- 
tative of a lot with relatively low de- 
vice yield are shown in the accompanying 


niM Mtrrs rtstu 

m;i BKriTt aimn ruMNnc imns 

IN anriTs m cuitTiMi rwu tint 



■MKi or rmiuMS 

Test results from random access fault 
structures on a wafer representative of 
a lot with relatively lot* device yield. 
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figure* Failure of two or acre adjacent 
devlcea to aaet a v- '*» criterion la 
treated aa a alngla cluatered fault. In 
thla axaapla. 40 of the NOSFRa could 
not be teated becauae of opena or ahorta 
in the oouon oonnectlona between the 
N08FST and the probe pad. The eaaaured 
paraaetera of 26370 of the 26760 teated 
NOSFRa fell within the defined liaitai 
there wars 1C2 laolated faulta, and 288 
NOSFRa were contained in the cluatorad- 
fault aitea. Froa theaa reaulta, it can 
be aeen that the doalnant failure typ* 
la an axceaa aource-to-drain leakage 
current, usually oouplad with low break- 
'down Toltaga. Analyais of tost results 
suggests that this failure aoda, which 
had not been anticipated at the tiaa the 
tost pattern was designed, was the pri- 
■ary contributor to yield dagradation of 
the acooapanying product wafer lot. 
Thla failure node would not hawe been 
detected froai test reaulta of other test 
structures on th^ pattern. [ Sponsor i 

8] (L. W. Linholn, x3541) 

1 

I 

Random Fault Measurements - II 

One of the two randoe fault test struc- 
tures on teat pattern NBS-16 is designed 
to asasire gate and field oxide integ- 
rity in a CN3S-SOS process. A coegmsito 
drawing of this structure is shown in 
the acoa^Mnylng figure. Thn structure 
Is coaprised of five layers on a sap- 
phire substratai n~ epitaxial silicon 
linaa, 80-nn thick gate oxide, p* poly- 
silicon lines niniiing at right anglea to 
the epl lines. 600-na thidc field oxide, 
and aluslnue setallisation. At the 
croesovers. the poly and api linaa are 
separated by gate oxide. The poly lines 
are grouped to fora seven arrays with 
57. 114. 275. 375. 750. 1500. and 3000 
croasovera. Each array is covered with 
the ■stallizatlon layer which is sepa- 
rated frosi the poly or api lines by 


field oxide. The polysilioon and sMtal- 
lization in each array are each con- 
nected to a probe pad; all of the epi 
linea in each group of arrays are con- 
nected to a single probe pad. There are 
95 such groups of seven arrays on a waf- 
er fabricated with teat pattern NBS-16. 
Prelisdnary analyaia of initial saasure- 
■ents of leakage current between pairs 
of conducting layers on wafers taken 
frosi three processed lots suggests that 
tha array aisea are appropriate for 
evaluating the process under study. 
Bowevar. in soms cases, the origin of 
tha leakage current cannot be estab- 
liahed unaabiguously; work is underway 
to deterwina tha causes of tha various 



Campo* ite drtwing of random fault test 
structure for evaluating gate and field 
oxide integrity in a CHOS-SOS p-oceaa. 
The n" epi linea which run vertically 
are connected together by the wid hori- 
zontal bars and brought out to the dou- 
ble probe pad B. The poly lines run 
horizontally/ each array ia connected to 
a aeparate probe pad P, Bach array ia 
completely covered by metallization con- 
nected to a separate probe pad N. 
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ubigultlaa, to lnvestl 9 at« Mthods of 
analysis by wl.lch ths aablgultlss nUght 
bs rsauvsd, and tu avaluata dasign nodi- 
flcatlons to p^'o^lda battar separation 
of leakage currant sources. [Sponsors: 
1,8] (H. A. Nltchall 

and L. H. Llnholn, x3S41) 

Power MOSFET Characterization 

Three ta<^nlquea for anaeurlng the tan- 
paratura of silicon power NOS flald- 
affact transistors (NOSPRs) are being 
Investigated. Two of the technlquea en- 
t loy tanparatura-sansltive electrical 
paxusters (TSPs) of the device, the 
forward voltage of the drain-body diode 
(Vdb> at constant low current, and 
the applied gate voltage (Vq) at con- 
stant drain current. The third Is a di- 
rect neasurenent of the surface tenpera- 
tura using an autonated infrared nlcro- 
radloneter (IRM). 

The temperature variation 
la both linear and well characterized. 
Measurenent of NDr.PET tenpersture with 
this TSP la similar to a btthod used to 
measure the temperature of bipolar tran- 
sistors using the forward voltage of the 
collector-base diode as the TSP. How- 
ever as in the bipolar case, the diode 
senses only an average chip temperature 
because It occupies a large area of the 
chip, whereas the heat source (defined 
by the channel region) >>ccuples a very 
small area. Also, the large electrical 
capacitance of the foreard-blased diode 
makes the requlrsv. electrical switching 
extremsly slew. 

Much less Is known about the tesg>era- 
ture dependence of Vq. It Is known 
that this voltage can Increase, de- 
crease, ur remain constant with tempera- 
ture depending upon the value of the ap- 
plied gate voltage and the chaiinal char- 
acteristics. Prellsdnary results sug- 
gest that Vq varies linearly with tem- 


perature, at least for drain currents up 
to about 3 the temperature coeffi- 
cient vaxxes from about -6 mV/*C at 10 
mA to <hout -4 mv/*C at 1 A to about -2 
mV/*C a: 3 A. At higher drain currents, 
typical of those encountered In device 
operation, the tai^>erature coefficient 
would be expected to approach or pass 
through zero; therefore, to obtain ade- 
quate sensitivity. It may be desirable 
to use a switching method, similar In 
concept to the standard msthod employed 
for measuring the junction temperature 
of bipolar transistors with the emitter- 
base voltage (V^g) as the TSP. In 
this method, the device Is operated at 
the conditions for which the temperature 
Is desired and then rapidly switched to 
a low value of drain current for mea- 
surement of the Vq. 

If the temperature measured by the IRH 
Is to be accurate, the power MOSPET sur- 
face must be coated with a uniform, high 
emisslvlty film Ibecause the very fine 
metallization pattemr on these devlceu 
cause the spatial variation of surface 
emisslvlty to be extremely rapid and 
large. In the present work, a flat- 
black, coasnerclal spray paint with low 
carbon content (to reduce electrical 
conductivity) le used. 

Preliminary comparative measurements 
of the tamperaturns determined by the 
three methods confirm that the tecq>era- 
ture Indicated with VQg as t)ie TSP 
la very nearly equal to t)ie average chip 
teoq>erature as determined by an un- 
weighted spatial averaging of the IKM 
results. However, contrary to results 
found with the use of Vgg In bipolar 
devices, use of Vq ab the TSP results 
in a davlce temperature In excess of the 
peak tesqperature as determined by the 
IRM. This may occur because the spatial 
resolution of the IRM Is not sufficient 
to resolve the peak gate teaperature or 
because ol errors In the gate voltage 
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iwffsurment Mthod. Thesa pf t't ' ea 
ara being Invastlgatad furth <i • ( Spon- 
sor: 2] (D. L< Blackbjr i, x3621) 

T ransistor Switching Characteristics 

rioik was undertaken to develop Improveo 
methods for characterizing the switching 
properties, particularly the reverse- 
bias safe operating Halts, of power 
transistors. Initially, the effect of 
the magnitude of the base current, 
Isp, on translator switching charac- 
teristics Is being studied. Previous 
work had shown that the magnitude of 
^BR ^ strong Influence on the 

reverse-bias safe operating Hr Its of 
silicon power transistors. 

Generally, as Is Increased, the 

voltage at which second breakdown occurs 
decreases. It was also observed that 
for the turnoff of these devices, a tlaw 
Interval exlstn %rhlch occurs during, but 
Is distinct froa, the traditional stor- 
age time. During this newly observed 
interval, designated the dynamic satura- 
tion time, the collector voltage slowly 
rises as the collector current remains 
nearly constant. It was found that as 
much as 30% of the total energy dissi- 
pated during turnoff may occur during 
this Interval. It Is therefore Impor- 
tant to understand Its cause and ef- 
fects. 

Ooservatlon of the time variation of 
the base-eoLltter voltage during t.r.'off 
shows that current focusing to the cen- 
ter of the emitter fingers does not be- 
gin to occur until after the device has 
entered dynamic saturation. This is 
consistent with the Idea that the effec- 
tive base width (l.e., the mecallurglcal 
base width plus the width of the 
conductivity-modulated portion of the 
lightly doped (v ) collector region) be- 
gins to decrease when the devl :e enters 
dynamic saturation. Thus tne slow rise 
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Current (das/ted curve; and voltage (sol- 
id curve; transients of an n*-p~^-n* 
poeer transistor follotfing switching of 
the base current froa *4 R to -0.5 A at 
time zero. The transistor is operating 
in a dynamic saturation condition be- 
tween the points labeled A and B on the 
voltage trace. In the dyrutmic satura- 
tion region, the collector voltage in- 
creases slowly and the collector current 
is essentially constant as discussed in 
the text. 

of the collector voltage can be attrib- 
uted to an Increased resistive voltage 
drop as stored charga Is being removed 
from the collector, narrowing the width 
of conductivity-modulated portion of the 
v-reglon of the collector. 

The finding that current focusing do«'s 
not occur until the device enters dynam- 
ic saturation also provides an explana- 
tion of the dependence of the second- 
breakdown voltage on base current. For 
reverse-bias second breakdown to occur, 
a high current density is required; the 
high density Is realised as a result of 
thw current focusing. Thus, the magni- 
tude of Igg during dynamic satura- 
tion should affect the second breakdown 
characteristics, but the magnitude be- 
fore dynamic saturation (!.>>., during 
classical saturation) s.iould have no af- 
fect. This was verified experimentally; 




th« voltaqa at which second oreaXdown 
occurred was observed to be exactly the 
same If the value of Igg to which 

the device was switched after dynamic 
saturation began was applied instead 
during the entire turnoff time. Thus, 
turnoff time may be reduced with minimum 
risk of second breakdown if Ig|^ is 
large at the start of the turnoff cycle 
but is reduced to a srvll value near the 
end. [Sponsor: 13] 

(D. L. Blackburn, x3621) 

Gross Leak Testing 

klthougn the corr«ilation between gross 
leaks in hermetically packaged semicon- 
ductor devices and their failure rates 
is clear cut, the dry gas hermetic test 
methods currently in use are far from 
satisfactory. The commonly used helium 
mass spectrometer and radioisotope lent 
tests are based on back pressurization 

techniques. At present the limitation 

in applying these procedures to the 
gross leak range la the rapid depletion 
of the gar. from the package interior 
which leads to inability to detect large 
leaks. A r.ew noncontaminating, quanti- 
tative dry gas test method has been de- 
veloped to ellsdrmte these probleias. 
This method is intended for use in the 
leak size range from about 13~^ to about 
1 atm>cm^/s. It employs a rapid gas cy- 
cling technique to extend the upper 
range of the helium mass spectrometer 
leak detector by reducing the delay be- 
tween the pressurization phase and the 
detection of the tracer gas which hau 
penetrated the package. In addition, 
the environmental conditions during the 
test are tailored so that e. sing>le quan- 
titative relationship based on viscous 
flow theory eiJ.sts between the true and 
measured lesK values. 

Two modes of operation have been em- 
ployed. One mode utilizes a single test 


chamber foi both pressurization and de- 
tection, while the second mode separates 
these functions. Present test times for 
either mode are of the order of 8 s. In 
the single chamber mode, the process oc- 
curs in four rapid steps. The package 
is pressurized for about 2 s in an atmo- 
sphere of iiltrogen which contains about 
1% he? turn. The chamber is then vented 
to the atmosphere and the remaining ex- 
cess gas exhausted within a fraction of 
a second. After the chamber is refilled 
with a neutral gas such as nitrogen or 
dry air to further dilute the helium 
concentration in the chamber, it is ex- 
hausted a second time and pung>ed to Low 
enough pressure for the helium L>ak de- 
tector to be valved in. This process, 
which IS carried out under automatic 
control, reduced the partial pressure of 
helium in the amb..ent around the tesc 
package by a factor of about 10^ within 
a few seconds. The second mode of oper- 
ation is inherently simpler and less 
subject to sorption effects, but it re- 
quires rapid transfe of the test speci- 
men between the pressurizing and detec- 
tion cnambersi in this mode, the pres- 
surization chamber is eidiausted only 
once. 

Measurements uere aside on a group of 
glass capsules fabricated with capi?lary 
leaks which were measured initially by 
means of ar> absolute procedure. Leak 
sizes determined from the experimentally 
measured leak rate appear to be within 
±5Qs of the true (initial) value over 
the leak size range from to 0.5 

atm.cm^/s. Closer agreeaMnt is expected 
after corrections are amde for leak de- 
tector response time. [Sponsor: 2] 

(S. ituthberg, x3621) 

Linewidth Seminar Rescheduled 

The third in the scries of measurement 
seminars on integrated circuit linewidth 
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■easureaents has been rescheduled for 
July 15-18, 1980 at NBS/Galthersburg. 

The prliuary enphasie In this seminar 
will be on the measuretaent of widths of 
features in the range O.S to 10 u* on 
silicon wafers. The seminar will con- 
sist of lectures, labors** *ry demonstra- 
tions, hands-on training with (^tical 
microecope systems, and small group dis- 
cussions of industry awasureaent prob- 
lems. [Sponsor: 2] (E. C. 

Cohen, x3786, and J. N. Jerke, x3621) 

New Topic ... 

Carbon In SI 1 Icon — Average carbon 
densities typically present in silloon 
crystals grown by the Csochralski pro- 
cess range from 10^^ to 10'^ cm “3. 
thou^ as a neutral s\ibetitutional impu- 
rity carbon has no direct effects on de- 
vice performance, it has recently been 
io^licated in a wide range of deleteri- 
ous indirect effects such a.i tho nuclea- 
tion of intrinsic defect'*, oxide precip- 
itation, the "X* centers in indiua-dooed 
silicon, gold diffusion, and dopant dis- 
tribution. A new project to study car- 
bon in silicon was initiated. The first 
step in this project is to develop meth- 
ods for measuring the carbon distribu- 
tion across production wafers. These 
methods will then be applied in a thor- 
ough study of the role of carbon in sil- 
icon, from its initial distribution to 
the effects of processing. [Sponsor: 
2] (A. Beghdadi, x3625) 

Work in Progress ... 

A procedure developed for adjusting an 
optical microscope to operate in Kohler 
illumination is being docuamnted in the 
format of an ASTM Practice. This oper- 
ating node provides uniform illumination 
of the specimen, reduces stray light, 
and results in bright isuiges with good 


contrast. The procedure includes defi- 
t tions of appropriate terms and speci- 
fications for the necessary equipoent: 
it describes techniques for setting up 
the microscope with either transmitted 
or rsflected illusd nation. In addition, 
the procedure tells the user how to set 
the ratio of condenser nusnrlcal aper- 
ture to objective nun''rical aperture 
equal to two thirds in c. ler to provide 
images with stij^ edge gradients. This 
procedure is an essential part of the 
instructions currently being developed 
for using the photosusk-like chrosdum- 
on-glass artifacts (soon to be made 
available by NBS as standard reference 
material SRH 474) to calibrate an opti- 
cal microscope for linewidth measure- 
ments in the O.S- t;, 10-tim regime. 
These instructions %d 11 be applicable to 
most tyi*es of measurement systems, such 
as filar, image-shearing, and video- 
micrometer systems, used throughout the 
microelectronics industry to omasure 
linewidths on photomaslcs. [Sponsor: 1] 

(J. N. Jerke, x3621) 

The optical spectra of the deepest known 
sulfur center in silicon are being stud- 
ied. Specimens were prepared by diffus- 
ing natural sulfur (95% or isotopl- 

call/ enriched sulfur (90% ^**8) into p- 
type silicon doped with boron to a den- 
sity of about 3 * 10^® cm~3. The diffu- 
sions were carried out at 1350*C for 
about 200 h in aii evacuated, sealed 
quarts tube. In contrast to earlier 
studies of this center bj* Isothermal 
transient capacitance and thermally 
stimulated current measurements, no sig- 
nificant isotopic shift of the ensrgy 
level was observed. It remains to be 
determined whether the difference occurs 
because the s^ne center is not being ob- 
served in the two e:q>eriments or because 
the center responds differently to the 
t«<o ■masureamnt techniques. [Sponsor: 
2] (R. A. Forman, x3625) 
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